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StatementofProblem. Stapedotomy is the treatment of choice for otosclerosis. Numerous techniques and prosthesis are available to
perform this procedure. Success rates of surgery vary from 17% to 80%, and revision surgery carries an increased risk of compli-
c a ti o n sa sw e lla spoo r e rh e a ri n go u t c o m e s .Method of Study.C a s er e po rt .Results. We report the ﬁrst case of uncrimping of a SMart
stapes prosthesis with no lateral displacement as a cause of late failure despite successful crimping and improvement in audiologi-
caloutcomesafterinitialsurgery.Conclusion.TheSMartstapesprosthesisiswidelyusedandhasbeenshowntobesafeandprovide
good hearing outcomes. Displacement of a stapes prosthesis is the commonest cause of failure. Our case shows that deterioration
of hearing thresholds can occur from uncrimping of the prosthesis with no displacement. It is important to improve our under-
standing of stapedotomy failure as revision procedures are associated with poorer outcomes.
1.Introduction
Since Shea introduced stapedotomy in 1958 as standard
treatment for otosclerosis, there have been a myriad of pros-
theses that have been developed [1]. The selection of a parti-
cular prosthesis by individual surgeons is dictated by the ease
of usage, safety and favourable hearing outcomes. An “ideal”
stapes prosthesis should be easy to apply, safe to use and pro-
duces good hearing results.
TheSMartstapespistonprosthesis(Gyrus-ENT;Bartlett,
TN, USA) is a newer addition to the wide range of prostheses
that are available. It is composed of a nitinol-based Shepard
hook and a Telfon-based piston. Nitinol is a metal alloy of
nickel (45%) and titanium (55%) that allows self-crimping
by heat activation [2]. This feature of Nitinol (nickel-tita-
nium alloy) has been adopted and used for many years in
medical applications such as catheters and stents across var-
ious subspecialities [3, 4]. It has been proven to be highly
biocompatible and well accepted in short-and-long term im-
plantation [5, 6].
The SMart prosthesis is marketed on the ability of its pis-
tonwiretoself-fastenorcrimpsecurelyaroundtheincusfol-
lowing the application of heat. This self-crimping property is
reported to provide a more secure ﬁt between the wire and
the incus which in turn leads to improved transmission of
sound[7].Byeliminatingmanualcrimpingandreducingthe
manipulation of the prosthesis in the middle ear, the SMart
prosthesis should theoretically lower failure rates.
Although the safety and good hearing outcomes of the
SMart stapes prosthesis are well reported, there have been re-
ports of Nitinol causing inﬂammatory reactions in the mid-
dle ear mucosa and sensorineural hearing loss [8]. A number
of studies have also reported lateral displacement as a cause
of persistent or recurrent conductive hearing loss [9, 10].
Fibrous adhesions around the footplate and piston as well as
displacement from the fenestra have also been reported [10].
We report a case of “uncrimping” with no lateral dis-
placement of the SMart stapes prosthesis 3 years after suc-
cessful application with deterioration of hearing thresholds.
To our knowledge, this is the ﬁrst reported case in the litera-
ture.
2.CaseReport
A 33-year-old lady with bilateral otosclerosis underwent a





























































































































Figure 2: Pure-tone audiogram prior to revision surgery.
author using a 4.5×0.6mm SMart prosthesis. There were no
complications intraoperatively, and the prosthesis was suc-
cessfully “crimped” with bipolar forceps (2 watts). There was
good improvement in her hearing outcomes postoperatively
(Figure 1).
She presented 3 years later with a 2-month history of
worsening hearing in her right ear. The only signiﬁcant
Figure 3: “Uncrimped” SMart prostheses.
history of note was that she suﬀered some pain in her ear
while ﬂying some 12 months earlier. Clinical examination
wasunremarkablewithanintacttympanicmembrane.Pure-
toneaudiometryshoweddeteriorationinherhearingthresh-
olds (Figure 2). She underwent a ﬁne-cut computed tomog-
raphy(CT)scanofhertemporalboneswhichdidnotreveala
cause for the deterioration in hearing thresholds. A decision
was made for her to undergo a tympanotomy ± revision sta-
pedotomy.
At time of surgery, the SMart prosthesis was found to be
uncrimped (Figure 3) although still “hanging” onto the long
process of the incus and into the footplate. This was subse-
quentlyremovedandreplacedwith4.5×0.6mm Schuknecht
piston. Her hearing thresholds improved post-operatively
with good closure of the air-bone gap.Case Reports in Medicine 3
3. Discussion
Success rates of stapedotomy are traditionally assessed by the
closure of the air-bone gap on audiometry with a good out-
come generally accepted to be within 10 dB or less, closure of
the preoperative air-bone gap. Success rates of surgery vary
from 17% to 80% [11]. The common causes of failure of sta-
pedotomy include prosthesis displacement, incus necrosis,
undiscovered ﬁxation of the incus or malleus, adhesions in
the middle ear, and oval window ﬁbrosis. Revision stapedo-
tomy procedures are associated with inferior hearing out-
comes and greater comorbidity [11, 12].
The SMart prosthesis is one of the newer stapes prosthe-
ses available on the market, and a number of large series have
shown good surgical outcomes with its usage [13, 14]. The
piston exhibits shape memory whereby the application of
heat leads to a phase alteration in the atomic structure re-
sultingintheformationofapredeterminedshape.Inthecase
of a SMart prosthesis, this results in the crimping of the hook
around the incus. As this crimping occurs, increased contact
with the incus generates stress which acts to inhibit the
memory properties and therefore stop the crimping process
[15]. This should produce a snugly ﬁtted secure prosthesis.
In our case, the prosthesis was successfully crimped at
timeofinitialsurgerywithgoodaudiologicalevidenceofim-
provement. The prosthesis, however, was found to be “un-
crimped” during surgery. We would not classify this as a pro-
sthesis displacement, the commonest cause of late failure of
surgery, as the piston was still in contact with the incus and
the stapes footplate. The uncrimping of the prosthesis has
led to poor sound transmission and hence deterioration of
hearing thresholds.
It is unclear as to the reasons why this occurred in our
case. There could well have been an inherent problem with
the manufacturing of this individual prosthesis, whereby the
ratio of titanium and nickel (55% versus 45%) deviated from
the recommended ratio, leading to a prosthesis with poor
shape memory that is liable to “uncrimp.” Another possi-
bility was that the shape memory of the hook could have
been lost if the alloy was exposed to excessive stress, but at no
pointduringtheprocedurewasthislikelytohaveoccurredas
the prosthesis was heat-activated. Although there have been
no reported cases of the SMart prosthesis uncrimping, there
have been unreported cases which the authors are aware of,
in which this problem has occurred.
A number of publications have highlighted persistent or
recurrent conductive hearing loss with the use of the SMart
prosthesis. The main ﬁnding of these studies was that the
prosthesis had in fact been displaced laterally, either with
the hook in its closed or opened state, and no contact was
present with the long process of incus (LPI) [9, 10]. Another
common ﬁnding is that the prosthesis is found lying outside
the fenestra [10]. In our case, contact still remained but the
“uncrimped” state of the piston aﬀected sound conduction.
Nitinolasanalloyitselfthatisusedinmedicalequipment
has been proven to be highly biocompatible and well accep-
ted in short and-long-term implantation [5, 6]. Data regard-
ing early or long-term changes in conﬁguration of the mate-
rial itself is not readily available.
The authorsacceptthattherearelargepublished series of
good hearing outcomes with the SMart prosthesis; however,
wefeelthatcliniciansshouldbeawareofthepossibilityofthe
SMartprosthesis“uncrimping,”despitebeingincontactwith
the stapes footplate and LPI, and causing late failure in sta-
pedectomy.
4. Conclusion
This paper presents the ﬁrst published case of a SMart stapes
prosthesis that has uncrimped and caused deterioration in
hearing thresholds despite still being in contact with the LPI
and stapes footplate. It is important to improve our under-
standing of stapedotomy failure as revision procedures are
associated with poorer outcomes.
References
[1] J. Shea, “Fenestration of the oval window,” Annals of Otology,
Rhinology & Laryngology, vol. 67, no. 4, pp. 932–951, 1958.
[2] W. J. Buehler, J. V. Gilfrich, and R. C. Wiley, “Eﬀects of low-
temperature phase changes on the mechanical properties of
alloys near composition TiNi,” Journal of Applied Physics, vol.
34, no. 5, pp. 1475–1477, 1963.
[3] C. D. J. Barras and K. A. Myers, “Nitinol—its use in vascular
surgery and other applications,” European Journal of Vascular
and Endovascular Surgery, vol. 19, no. 6, pp. 564–569, 2000.
[4] T. Duerig, A. Pelton, and D. St¨ ockel, “An overview of nitinol
medical applications,” Materials Science and Engineering A,
vol. 378, pp. 16–23, 2004.
[5] M. Es-Souni, M. Es-Souni, and H. Fischer-Brandies, “Assess-
ing the biocompatibility of NiTi shape memory alloys used for
medical applications,” Analytical and Bioanalytical Chemistry,
vol. 381, no. 3, pp. 557–567, 2005.
[6] S. A. Shabalovskaya, “Surface, corrosion and biocompatibility
aspects of Nitinol as an implant material,” Bio-Medical
Materials and Engineering, vol. 12, no. 1, pp. 69–109, 2002.
[ 7 ]G .P .R a j a n ,M .D .A t l a s ,K .S u b r a m a n i a m ,a n dR .H .E i k e l -
boom, “Eliminating the limitations of manual crimping in
stapes surgery? A preliminary trial with the shape memory
nitinol stapes piston,” Laryngoscope, vol. 115, no. 2, pp. 366–
369, 2005.
[8] J. P. Harris and S. Gong, “Comparison of hearing results of
nitinol SMART stapes piston prosthesis with conventional
piston prostheses: postoperative results of nitinol stapes pros-
thesis,” Otology & Neurotology, vol. 28, no. 5, pp. 692–695,
2007.
[9] J. Tenney, M. A. Arriaga, D. A. Chen, and R. Arriaga, “En-
hanced hearing in heat-activated-crimping prosthesis stape-
dectomy,” Otolaryngology—Head and Neck Surgery, vol. 138,
no. 4, pp. 513–517, 2008.
[10] Y. L. M. Ying, T. A. Hillman, and D. A. Chen, “Patterns of
failure in heat-activated crimping prosthesis in stapedotomy,”
Otology & Neurotology, vol. 32, no. 1, pp. 21–28, 2011.
[11] G.G.BabighianandS.Albu,“Failuresinstapedotomyforoto-
sclerosis,” Otolaryngology—Head and Neck Surgery, vol. 141,
no. 3, pp. 395–400, 2009.
[12] R. Vincent, M. Rovers, N. Zingade et al., “Revision stapedo-
tomy: operative ﬁndings and hearing results. A prospective
study of 652 cases from the otology-neurotology database,”
Otology & Neurotology, vol. 31, no. 6, pp. 875–882, 2010.4 Case Reports in Medicine
[13] J. N. Fayad, M. T. Semaan, J. C. Meier, and J. W. House,
“Hearing results using the SMart piston prosthesis,” Otology
&N e u r o t o l o g y , vol. 30, no. 8, pp. 1122–1127, 2009.
[14] J. A. Hornung, C. Brase, A. Bozzato, J. Zenk, B. Schick, and H.
Iro,“RetrospectiveanalysisoftheresultsofimplantingNitinol
pistons with heat-crimping piston loops in stapes surgery,”
European Archives of Oto-Rhino-Laryngology, vol. 267, no. 1,
pp. 27–34, 2010.
[15] G. W. Knox and H. Reitan, “Shape-memory stapes prosthesis
for otosclerosis surgery,” Laryngoscope, vol. 115, no. 8, pp.
1340–1346, 2005.